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INTERNAL LEAKAGE EFFECTS IN SLIDING VANE, 
ROTARY COMPRESSORS 
WILLIAM A. REED 
SENIOR PROJECT ENGINEER 
ADMIRAL DIVISION Qf MAGIC CHEF, INC. 
GALESBURG, ILLINOIS 
lNTROiJUCTION 
All refrigerant compres~ors operate with undesir-
able internal energy lasses. These losses are 
generally associated with internal energy and mass 
transfer processes that are additional to the main 
compression process. Previous research involving 
the sliding vane, rotary compressor has indicated 
internal leakage mass transfer as being a signifi-
cant loss process. Internal leakages gecrease 
volumetric efficiency by decreasing the volume of 
gas delivel'ed at the discharge pressure and temp-
erature. The coefficient of performance is affected 
by the decrease in the refrigerant mas.s flow rate 
through the compressor in terms of a decrease in 
the cooling effect. Qefinition and evaluation of 
the mechanisms associated with the internal leak-
ages are necessary in the development of-more 
efficient compressors. 
Five internal leakage paths have been defined in a 
typical sliding vane, rotary compressor, along with 
associated leakage mechanisms and mathematical 
models. A generalized leakage system involving the 
five paths has been developed and coded for digital 
computer solution to predict instantaneous intern-
al leakage magnitudes. This computer model has 
been applied to several compressors and comparisons 
with experimental results have been made. 
DEFINITION OF LEAKAGE PATHS 
Figure 1 depicts a cross-sectional view of a typi-
cal sliding vane, rotary compressor. Three control 
volumes, a suction chamber, an intermediate trans-
fer chamber, and a discharge chamber are defined. 
Also depicted in Figure 1 are the internal leakage 
paths assumed to be acting between the compressor 
chambers. 
1. Through the mini.mu.m clearance. 
2. Past the blade edges. 
3. Through the lubricating oil system. 
4. Past the blade tip. 
5. Return from the discharge valve transfer slot. 
While the Peturn from the discharge valve transfer 
slot may no.t be a 1 eakage path between the chambers, 
it will affect the volumetric efficiency and has 
been included for this reason. 
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Figure 1. Internal Leakage Flow Paths 
Figure 2 is a qualitative schematic of the internal 
mass flows (including leakage) within a sliding 
vane, rotary compressor. 
Suction Discharge 
Intermediate 
Figure 2. Compressor Fluid Paths 
In Figure 2 the compressor is again divided into 
the three typi ca 1 chambers -- suction, intermediate, 
and discharge--with leakage occurring between the 
chambers. The short-circuit effects of internal 
leakage on the total mass flow rate through the 
compressor can be noted in Figure 2. 
NATURE OF THE LEAKAGE FLUID 
The exact nature of the leakage fluid as it passes 
through the leakage paths is unknown, being a mix-
ture of lubricating oil and refrigerant gas. In 
the analysis of the leakage through the minimum 
clearance, past the blade edges, and past the blade 
tip, two extreme cases have been analyzed to estab-
lish upper and lower bounds for the leakage magni-
tudes. Upper bounds were established by assuming 
the leakage fluid to be entirely compressible gas-
eous refrigerant completely filling the clearance 
spaces. Lower bounds were established by assuming 
the leakage fluid filling the clearance spaces to 
be lubricating oil diluted with an equilibrium 
concentration of gaseous refrigerant, an incom-
pressible mixture. The actual natures of the leak-
age fluid and, consequently, the actual leakage 
magnitudes have been found to lie between these two 
extreme cases. 
Due to the nature of the compressor lubrication 
system, the analysis of the lubricating oil system 
leakage path assumes the fluid to be lubricating 
oil diluted with an equilibrium concentration of 
gaseous refrigerant. 
In the analysis of the leakage from the discharge 
valve transfer slot, compressible gaseous refriger-
ant alone was assumed to be the leakage fluid. 
MATHEMATICAL MODELING OF THE LEAKAGE PATHS 
Through the Minimum Clearance 
In the analysis of the leakage through the m1n1mum 
clearance, the mass flow rate equations have been 
developed based on the assumption of steady-state, 
isentropic fluid flow through a convergi ng-di verging 
nozzle.* Figure 3 depicts the path approximation. 
Figure 3. Leakage Through the 
Minimum Clearance 
* Batelle Memorial Institute, "Phase Report on a 
Study of the Factors Affecting the Volumetric Effi-
ciency of Rotary-Vane-Type Refrigeration Compress-
ors", December 31, 1957. 
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In Equation 1 the leakage fluid has been assumed to 
be compressible gaseous refrigerant: 
1/1-Kr-------,,.------
Wc=AcPor-K-lM2+l] M K 
l 2 [M2 K-1 + 1] RTo -2-
In Equation 2 the leakage fluid has been assumed to 
be an incompressible mixture of gaseous refrigerant 
and 1 ubri ca ti ng oil : 
W =A LIC .f2PZP c c v -~-
Past the Blade Edges 
Figure 4 depicts the path approximation for the 
blade edges leakage analysis. As in the case of 
the minimum clearance, the mass flow rate equations 
have been developed based on the assumption of 
steady-state, isentropic fluid flow. 












Leakage Past the 
Blade Edges 
In Equation 3 the leakage fluid has been assumed to 
be compressible gaseous refrigerant flowing through 
an orifice: 
In Equation 4 the leakage fluid has been assumed to 
be an incompressible mixture of gaseous refrigerant 
and lubricating oil flowing between parallel, flat 
plates: 
2 
w = 2A tiC IPV + £.§_ LIPl e e l2 121J t _ 
Past the Blade Tip 
Figure 5 depicts the approximation of the blade tip 
leakage path. 





Figure 5. Leakage Past the 
Blade Tip 
Equations developed for determining leakage mass 
flow rates past the blade tip are similar to those 
for the blade edges leakage path. In Equation 5 the 
leakage fluid has been assumed to be compressible 
gaseous refrigerant flowing through an orifice: 
1/1-K,___---;-;,------
Wt = At p o [K-1_ M2 + ]l M K 
2 J RT o [M2 K21 + 1] 
In Equation 6 the leakage fluid has been assumed to 
be an incompressible mixture of gaseous refrigerant 
and lubricating oil flowing between parallel, flat 
plates: 
2 
w = A nC I£!'. + B.h_ nPJ 
t t l2 121-l t 
Through the Lubricating Oil System 
As was noted in Figure 2, a significant amount of 
gaseous refrigerant is carried by the compressor's 
lubricating oil back to the oil sump. The mechan-
ism which governs this short-circuit effect is the 
solubility of the refrigerant in oil. Since the 
gas entrained in the lubricating oil is not actually 
delivered to the load, yet is still pumped through 
the system, it represents an internal leakage. The 
mass flow rate determined by Equation 7 requires a 





Return From the Discharge Valve Transfer Slot 
Considering the design of the discharge valve in a 
sliding vane, rotary compressor, an additional vol-
ume combined with the discharge port is noted. This 
additional volume is termed the transfer slot and 
its primary function is to reduce restriction to 
discharge flow. 
Figure 6. Leakage From the Discharge 
Valve Transfer Slot 
From Figure 6 it can be seen that as the sliding 
vane passes the discharge port and the discharge 
valve closes, a significant amount of gaseous re-
frigerant remains in the volume of the port and 
transfer slot. Due to the pressure difference be-
tween this volume and the intermediate chamber, the 
trapped gas discharges back into the intermediate 
chamber, representing a form of internal leakage 
(gas not delivered). Equation 8 has been developed 
to determine the magnitude of this internal leakage: 
wd = v p(nN) v 0 
APPLICATION OF LEAKAGE PATH MODELS 
The leakage path models, which were developed for 
determination of the indiv·idual leakage magnitudes, 
were incorporated into a generalized compressor 
leakage model. Input to the model includes com-
pressor geometry, pressure histories of the compres-
sion chambers, suction, sump, and discharge pres-
sures and temperatures, and fluid properties. The 
model predicts internal leak rate magnitudes for 
each leakage path, as a function of rotor angle. 
Also returned by the computer model are averaged 
total leakages and predictions of the resulting 
discharge mass flow rate. 
Two compressor designs were evaluated regarding 
internal leakages, by the compressor leakage model. 
Pertinent characteristics of the compressors eval-
uated are tabulated in Table 1. 
Table 1. Pertinent Compressor Data 
Cylinder Rotor Cylinder Volume 
Compressor Height Diameter Diameter Rate 
(in3fmin) Designation RPM (in) (in) (in) 
I 1740 0.563 1.593 1.850 681 
II 3460 0.563 1.593 1.778 954 
III 3460 I 0.563 1. 593 1.850 1354 
IV 1740 0.563 l. 377 1. 659 659 
v 1740 0.563 1. 377 1. 770 952 
VI 3460 0.563 1.377 1.659 1310 
A normalized plot of the total instantaneous inter-
nal leak rate magnitude as a function of blade 
position for one of the compressors appears in Fig-
ure 7 as an example. Results for both the assump-
tion of compressible gas as the leakage fluid and 
the assumption of an incompressible mixture of gas 
and lubricating oil as the leakage fluid have been 
shown. Actual leakage magnitudes have been found 
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Figure 7. Total Chamber Internal 
Leakages 
While Figure 7 depicts the magnitude of the total 
instantaneous internal leakage as a function of 
blade position, it does not depict the effect of 
the leakage on reducing the amount of refrigerant 
flowing through the compressor. Figure 8 is a 
normalized plot of refrigerant mass in one of the 
chambers as it moves through the compressor. Again, 
actual values will fall between the plots based on 
llS 
the assumption of compressible gas as the leakage 
fluid and those based on the assumption of an in-
compressible mixture of gas and lubricating oil as 
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Figure 8. Chamber Mass History 
COMPARISON TO EXPERIMENTAL RESULTS 
540 
To evaluate the accuracy of the internal leakage 
predictions for the sliding vane, rotary compres-
sors, predicted discharge mass flow rates were 
compared to experimentally measured discharge mass 
flow rates. Predicted mass flow rates were calcu-
lated by assuming the intermediate compressor cham-
ber to be completely filled with suction gas at 
suction conditions and a reference blade angle of 
90 degrees, as depicted in Figure 9. With these 
assumptions the amount of refrigerant charge in the 
compressor during the suction process can be deter-
mined. 
Figure 9. Initial Charge 
Predicted mass flow rates were determined by prop-
erly deleting the predicted amounts of internal 
mass leakage from the initial charge. These pre-
dictions have been tabulated in Table 2 and include 
values for both the assumption of compressible gas 
and the assumption of an incompressible mixture of 
gas and lubricating oil as the leakage fluid. 
Table 2. Compressor Discharge Predictions 
Compressor "' 
m. me c 1 
Designation (lbm/hr) (lbrr/hr) (lbm/hr) n 
I ··2.11 10.28 10.21 0.01 
II 5.80 15.81 14.67 0.11 
III 11.94 24.20 21.39 0.23 
IV -3.25 9.90 10.21 0.00 
v -0.38 16.19 14.67 0.09 
VI 10.44 23.47 21.39 0.16 
The last colum·n in Tabie 2 is a ratio which defines 
an overall estimate of the actual nature of the 
leakage fluid, based on the experimental compari-
son. 
n 
mi - me 
mi - me 
The leakage fluid nature ratio approaches zero as 
the predicted mass rate assuming incompressible 
leakage fluid approaches the measured mass rate and 
approaches unity for the converse. The ratio var-
ies considerably with each compressor, with the 
estimate of the leakage fluid nature falling between 
the two extremes of compressible gas and incom-
pressible liquid. In an attempt to correlate this 
variation it was hypothesized that the mass flow 
rate of lubricating oil per unit volume rate within 
each compressor was a major factor affecting the 
leakage fluid nature. Figure 10 demonstrates that 
the mass flow rate of lubricating oil per unit 
volume rate within each compressor does indeed vary 
considerably with compressor volume rate. An ex-
planation for the leakage fluid nature variation 
between each compressor was hypothesized that as 
the mass flow rate of lubricating oil per unit 
volume rate of each compressor increases the leak-
age paths tend to become more blocked, thus pro-
ducing a lower leakage fluid nature ratio. Con-
versely, as the mass flow rate of lubricating oil 
per unit volume rate decreases the leakage paths 
tend to become less blocked, thus producing a high-







































0 500 1000 1500 2000 2500 3000 
COMPRESSOR VOLUME RATE (IN
3/MIN) 
Figure 10. Mass Flow Rate of Lubricating 
Oil Per Compressor Unit Volume 
Rate Versus Compressor Volume 
Rate 
Figure 11 demonstrates that the leakage fluid 
nature ratio decreases with increasing mass flow 
rate of lubricating oil per unit volume rate and 
increases with decreasing mass flow rate of lubri-
cating oil per unit volume rate. 
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Figure 11. Leakage Flui~ Nature Ratio 
Versus Mass Flow Rate of 
Lubricating Oil Per Compressor 
Unit Volume Rate 
In addition, since the mass flow rate of lubrica-
ting oil is fairly constant in each of the compres-
sors considered, a correlation between the nature 
of the leakage fluid and the size of the compressor 
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Figure 12. Leakage Fluid Nature Ratio 
Versus Compressor Volume Rate 
Figure 13 summarizes the analysis of the individual 
internal leakage magnitudes by rating the various 
leakages in a typical sliding vane, rotary compres-
sor. Figure 13 incorporates the leakage fluid 
nature ratios thus depicting predicted magnitudes 



























SUMMARY AND CONCLUSIONS 
Through the use of mathematical models employed in 
a computer simulation and a comparison of theoret-
ical predictions to experimental data, internal 
leakages were found to be a significant percentage 
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of the total refrigerant mass flow rate through a 
typical sliding vane, rotary compressor. The most 
significant internal leakages were found to occur 
through the lubricating oil system and through the 
minimum clearance. Secondary leakages were deter-
mined to be the leakages past the blade edges and 
from the discharge valve transfer slot. Leakage 
past the blade tip was found to be negligible. 
NOTATION 
Ac minimum clearance cross sectional area 
Ae blade edges clearance cross sectional area 
At blade tip clearance cross sectional area 
nC change in refrigerant concentration in oil 
o blade edges clearance 




ratio of specific heats (Cp/Cv) 
predicted discharge mass flow rate, assuming 
compressible gas as the leakage fluid 
experimentally measured discharge mass flow 
rate 
predicted discharge mass flow rate, assuming 
incompressible liquid as the leakage fluid 
lubricating oil mass flow rate 
Mach number (V/C) 
leakage fluid nature ratio 
number of blades 
N rotor revolutions per time 
p density 
P upstream pressure 
0 
nP change in pressure 
R universal gas constant 
T upstream temperature 
0 
t blade thickness 
v dynamic viscosity 
V blade velocity 
discharge port and transfer slot volume 
minimum clearance internal leakage 
discharge valve transfer slot internal leak-
age 
blade edges internal leakage 
lubricating oil system internal leakage 
blade tip internal leakage 
